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(54) A measurement system 

(57) A measurement system (1 ) has a camera with 
a lens (12) and a separate sensor (10) mounted so that 
their planes (13,11) intersect at an object plane (3) ac- 
cording to the Scheimpflug principle A reference cam- 
era (4) is normal and provides a 2D normal image which 



is used by an image processor (25) to determine a cal- 
ibration image. This allows the image processor to de- 
termine height of the object (2). A single image capture 
provides an image of the full object, such as a ball grid 
array (BGA) 
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Description 

INTRODUCTION 
5 Field of the Inventicri 

[0001] The invention relates to measurement of size of objects in a high-throughput environment An example is 
measurement of chip-scale package objects In an electronic circuit production environment. 

w Prior Art Discussion 

[0002] As electronic circuits and electronic integrated circuit packages become increasingly miniaturised the need 
for accurate measurement and control of pararT>eters in the manufacturing environment becomes increasingly important 
in the reductkjn of defects and, ultimately, in the reduction of costs associated with that process. This is partk;ularly 

IS true of ball placement in ball grid array, chip scale package and flip chip manufacturing. 

[0003] In these processes the solder balls of a specified diameter are placed at a kx^atkxi on the copper pad of a 
packaged integrated circuit Foltowing the placement process the solder balls are attached to the substrate in a reftow 
process. The accuracy requirements in the position arxj height of the solder t>alls following this placement and reflow 
process depend on the specific dimensions of the package. In general however, soWer ball height and the relative 

20 heights of all the soMer balls on a package is critcal to the performance of the final package when it is in a functional 
position on a circuit board For example, if one sokier ball in a package is suffk:iently far bek>w the average height of 
all other solder balls it is likely that this ball will form an open circuit with the board at this kx:atkxi. 
[0004] It is known to provide a system to measure x, y, and z positional and size data of a BGA using a two-camera 
■stereo" arrangement, as described in European Patent Specificatkjn No. EP0638801B1 (IBM). One camera is used 

25 to measure the centrality of a BGA and the other to sense the flatness. The flatness is measured by a tilted camera 
sensing crescent-shaped reflectkxis from a light source kx:ated opposite the camera. 

[0005] It appears that the accuracy which can be achieved for the height dimension is limited by variatkxis in the 
sizes of the images reflected from the balls. Also, it appears that the throughput would not be as high as desirable 
because of the need to capture multiple images for each BGA. Also, capturing of multiple images (successive juxta- 
30 posed rows) for a single object requires sophistcated work table robotic control and image processing synchronisatkxi. 

Obiects of the Inventkxi 

[0006] One object of the invention is to provkJe for improved throughput in such systems. 
35 [0007] Another object is to provkJe for improved accuracy. 

SUMf^ARY OF THE INVENTION 

[0008] According to the invention, there is provided a measurement system comprising means for supporting an 
40 object to be inspected in an object plane, a light source mounted to illuminate the object, an oblk^uely-mounted camera 
for capture of images of the illuminated object, and an image processor comprising means for determining height of 
the object according to measured offset from a calibratkxi image, characterised in that. 

the camera comprises a sensor and a separate lens, and 

45 

the system further comprises means for suF)porting the sensor and the lens at mutually different angles whereby 
a plane through the sensor and a plane through the lens substantially intersect at the object plane according to 
the Scheimpflug principle to provkJe a relatively large field of view in focus. 

50 [0009] In one embodiment, the system further connprises a reference camera nrK)unted to capture a two-dimensional 
fxxmal image of the object, and the image processor comprises means for determining the calibration image from said 
normal image 

[0010] In on embodiment, the light source is mounted with respect to the obliquety-nrx>unted camera whereby the 
peak of the object is sensed. 
55 [001 1] In one embodiment, only an area including the peak of the object is sensed 

[0012] In one embodiment, the image processor comprises means for determining a centroid of the image to deter- 
mine the peak of the object 

[0013] In one embodiment, the system further comprises a lateral light source arranged in an annular configuration 
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with respect to the object support means to provide an annular innage for the reference camera, and the image processor 
comprises means for determining the centro«d ot the annular image to provide the normal image. 
[0014] In one embodiment, the obliquely-mounted camera comprises a filter to filter out light from the lateral light 
source, and the image processor comprises means for controlling simultaneous image acquisition from both the normal 
5 camera and the obliquety-nDounted camera. 

[0015] In one embodiment, the lateral light source comprtses a ring of LEDs 

[0016] In another embodiment, the image processor stores reference data for a ball grid array and means for ac- 
cepting or rejecting a ball grid array according to comparison of the measured height data and the reference data. 
[0017] According to another aspect, the invention provides a method of inspecting an object comprising the steps of: 

10 

mounting a prinnary camera sensor and a tens over an object space so that they have rxxi-parallel planes, 

mounting a reference camera over the object space. 

IS causing relative movement of the cameras and an object to a stationary position at which the primary camera tens 

plane, the primary camera sensor plane, and the object plane Intersect according to the Scheimpflug principle, 

capturing a prirmry image of the full object at the primary camera and capturing a reference image of the full object 
at the reference camera witfxxjt further relative movement of the cameras and the object, and 

20 

an image processor determining a calibration innage from the reference innage. and determining height of the object 
according to a measured offset of the primary image from the calibration image. 

[0018] In one embodiment, the object is a ball grid array. 

^5 [001 9] In one embodiment, the object is illuminated with lateral tight directed substantially parallel to the object plane 
whereby the reference image is annular, and the object is also illuminated by oblique light directed from an oblique 
angle whereby the primary image corresponds to a surface area only including an object peak. 
[0020] In one embodiment, the lateral light and the oblique light have different wavelengths, light entering a camera 
is filtered to exclude the light for the other camera, and both the primary and the reference images are simultaneously 

30 captured. 

DETAILED DESCRIPTION OF THE INVENTION 

Brief Description of the Drawings 

36 

[0021] The invention will be more clearty understood from the following description of some embodiments thereof 
given by way of example only with reference to the following drawings, in which: 

Fig. 1 IS a diagramnnatic representation of the optical scheme of a measurement system of the invention; 

40 

Fig 2 is a schematic elevational view of the system. 
Figs. 3 and 4 are plots illustrating variations of paranneters in the system; 
45 Figs. 5 and 6 are sample two-dimensional normal and calibration views respectively; 

Fig 7 is a sample image captured by a normal camera; arxi 
Fig. 8 is a sample image captured by an oblique camera 

so 

Description of the Embodiments 

[0022] Referring to Figs. 1 and 2, a measurement system 1 comprises a table supporting an object 2 in an object 
planeS, which in this embodiment is horizontal. A high resolution nonnal camera 4 is mounted at a position directly 
ss above the object 2 whereby an optical axis of the camera 4 intersects the object 2 A high resolution oblique camera 
comprises a sensor 10 in a plane 11, and a separate objective lens 12 in a plane 13 The planes 11 and 13 are not 
parallel and they intersect at the object plane 3, as shown in Fig 1 to fulfill the Scheimpflug condrtion 
[0023] As shown in Fig 2, the system 1 comprises a base 1 9 to provide a solid foundation for a table (not shown) 
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mounted above a high-speed positioning system A support framework 20 supports the normal camera 4, the sensor 
10, and the lens 12. An adapter 21 interconnects the lens 12 and the sensor 10 to enforce the Scheimpflug principle 
and avoid loss of depth erf field across the field of view. Alternatively, the objects to be inspected may be held stationary 
and the f rarDework 20 may be mounted on a positioning system to altow kx:atk)n of both cameras above the stationary 
5 object 

[0024] A filter 22 is mounted in front of the lens 12 to altow separation of images due to different light sources and 
simultaneous image capture An image processor 25 comprises a frame grabber 26 and a switching circuit 27 for the 
cameras and light sources. The switching circuit 27 altows simultaneous dual camera exposure through a shutter 
exposure or synchronised lighting strobe shutter exposure event. 

10 [0025] The system further comprises a lateral light source 30 comprising a ring of LEDs mounted to direct light 
laterally (horizontally) towards the object 2 An oblique light source 31 comprises an array of LEDs mounted at an 
oblique angle to illuminate the peak of the object 2 with diffuse light, as described in more detail betow 
[0026] The object 2 is in this embodiment an array of solder balls in a ball grid array, however, it may alternatively 
be a different type of sokJer deposit such as those for flip chip type electronic devices. Altemative applk:ations include 

IS sokJer bumps such as those in bump grkJ arrays, pins such as in pin grid arrays, solder paste deposits at varbus 
process stages (pre and post re-flow), leads in leaded chip carriers, and 3D component profiles for components on 
circuit boards to confirm presence or absence. 

[0027] Operation of the system 1 is based on determinatkxi of 2D coordinates using the normal camera 4 and 3D 
coordinate measurement using both cameras. 
20 [0028] For the image sensed by the oblique sensor 1 0 to be in focus across the full fiekj of view, it is essential that 
it is at an angle defined by the Scheimpflug condition (Equation 1), as follows 

TanB - — Tana 
25 "0 

[0029] Where P is the Scheimpflug angle, alpha is the angle between the optical axis of the sensor 1 0 and the object 
plane, and Vq and Uq are the image and object distances at the centre of the object and image fields respectively. The 
central (axial) magnificatkxi, m, is defined by m=VQ/UQ 
30 [0030] A graphical representation of the Scheimpflug angle as a function of nominal (axial) magnification for different 
viewing angles ranging from 30* to 50* is shown in Fig. 3. Fig 4 shows a family of relationships for the required 
Scheimpflug angle at various magnifications for different values of alpha. 

[0031] To ensure correct accuracy across the fiekJ of view, it is necessary to set the Scheimpflug sensor angle for 
the object field pixel size required, as the magnification changes slightly across the fieW of view. The amount of mag- 
35 nifk:ation variatkDn depends on the axial (or nominal) magnification and the Scheimpflug angle. The relevance of these 
diagrams to the system 1 Is that the choice of angle or lens magnification relate directly to the resolutkxi and field of 
view of the object and so the angle and magnification must be chosen so that the required accuracy on the image 
plane can be achieved. 

[0032] The image processor is calibrated by capturing a rKxmal innage of a two-dimensional calibration object as 

40 shown In Fig. 5, foltowed by an oblique view of the same object as shown in Fig. 6 This provides the image processor 
with the mappings or transforms between the two views without any third (height) dimension In more detail, the cali- 
braton tool used In this process is a small piece of glass with a large number of dots printed on it. The dots are arranged 
as matrix of 38 by 38 dots of 0.2mm diameter, which are 0.4mm apart. During the calibration procedure, a digital image 
of the calibration tool is obtained from the nomnal camera 4. An example of this type of innage is shown in Fig. 5. After 

45 processing this digital image, the kx:atkxi of all the dots is obtained Then, the oblk^ue sensor 10 is used to take a 
second image and the kxation of the dots will also be found in the image taken from this camera. An example of an 
image of the calibration tool obtained from the oblique camera is shown in Fig 6 The Image processor Is programmed 
to match dots found in the image from the nornDal camera 4 with those found in the Image from the oblk^ue camera 
10 Hence, each dot in the first image can be referenced to a corresponding dot in the second image Then, using the 

so mechanical stage, the entire optk:al structure supporting the cameras 4 and 10 Is moved by a know distance H and 
the same operatkxi will be repeated. Upon the completion of this step, the new locations of all the dots in both the 
image from the orthogonal camera and the inriage from the oblique camera will be known. Since the mechanical stage 
offers precise movement, the kDcation of the dots in the two Images that were taken from the orthogonal camera will 
be kJentical. However, the kxatkxi of the corresponding dots in the two images that were taken from the oblique camera 

ss will be different. This difference is extremely small in the horizontal direction in the image, but relatively substantial in 
the vertical directkxi For ease of referencing, the shift or difference in the vertical kxaton of the dots will be referred 
to as ZDIFF 

[0033] Using the foltowing equation, one can obtain a calibratkxi value (factor) for all the locations at which the dots 
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were found in the images of the orthogonal camera. 

CalibratKXi value (x. y) = H / ZDIFF Equation 2 

5 

[0034] Where x and y correspond to the co-ordinates of the dot in the image taken from the orthogonal camera 
[0035] Equation 2 defines the reference plane from which all heights will be reported as well. This plane will be at 
H/2 from the top of the dots on the calibration tool 

[0036] FurthemDore, the system records the location of the dots that were found in the images from the oblique 
10 camera in a Look-Up-Table (LUT) For the best results, the average (or mid-point) of the co-ordinates that were found 
is recorded. This LUT enables the system to provide an "expected location" in the image from the oblique camera for 
any point within the image obtained from the orthogonal camera. The LUT is a two-dimensional one that can be ac- 
cessed by taking the XY co-ordinates of a point in the innage from the orthogonal camera and indexing into this table. 
[0037] In operation, a normal view of the BGA is captured by the normal camera 4 and this has the pattern of the 
?5 view of Fig. 5 because the height dimension is invisible in this view. The normal view is shown in Fig. 7. This includes 
an annulus for each ball because the BGA is illuminated from all angles in a lateral ring by the lateral source 30. The 
image processor uses this image to determine the geometric centroid using an edge detection and tracking algoritm. 
The BGA may be rejected on the basis of two-dimensional information atone if it is skewed or it some of the balls are 
out of positton with respect to the others. Because the normal image is an annulus there is very comprehensive two 
20 dimensional infomnation with which to make n early accept/ireject decision. It is also possible to configure lighting such 
that the normal image is an annulus with a bright point in the centre. In both cases, detecting the actual ball centre is 
a straightforward process The accuracy of the measurement depends on the magnificatton used, on the image sensor 
resolution, and on the robustness of the vision algorithm. 

[0038] The image processor then directs capture of an oblique image using the sensor 1 0. Because this is arranged 
25 according to the Scheimpflug conditions, the whole of the BGA (current technology having a size of up to 45mm) is in 
focus. The accuracy and speed of measurement is an inriprovement on conventional stereo techniques because the 
entire device to be inspected falls within a single field of view. The reasons for the improved accuracy are: 

1 . It is not necessary to build up a profile of the objects across the fieW as all objects are in focus in a single step 
30 image acquisition. 

2. All registration information and locatkxi infonmatkxi in 2D and 3D can be acquired in a single instant in time 
during which positional errors due to moving parts and vibrattons can not contribute to errors. Registration of ball 
position with respect to edges or fiducials is possible. 

3. Complete orientatkxi information can be obtained after the images have been acquired. There is therefore little 
35 difficulty with accurately positioning the object to be inspected within the field of view. 

4. Based on the features 1 to 3 above the speed of inspection is limited only by the mechanical handling required 
to place the inspectton object at the required location. As the entire area of the object or BGA can be imaged in a 
single step and full inspectk)n performed it is not necessary to place with a high precision to orient the device. 
Furthermore, using strobe lighting it is not necessary to ensure that the part even remains stationary during image 

40 acquisitton provided it is "relatively" stationary during the pulse (strobe) duratton. Accordingly the speed of inspec- 

tton is governed by the speed of the camera Some examples are given below 

[0039] The illumination used for the oblique image at the sensor 10 is that provided by the light source 31 This angle 
is chosen to Illuminate the ball peaks, as shown in Fig. 8. The image processor 25 perfomns cateulatkxis to determine 
45 the geometric peak in the oblique view The offset between this positton and that of the 2D calibratton view indicates 
the height according to the inverse function determined using the calibratton procedure. 

[0040] The light from the light source 30 is shut out from the sensor 10 by the fitter 22 and so the annular image for 
each ball is not detected. This altows the images to be captured simultaneously with little post -capture image process- 
ing The lenses used are tele-centric and so all the rays of light entering the lens are parallel with the optcal axis. 
so Hence, stray rays and reflection from other places than the top of ball are minimized. However, if non-telecentrk; lenses 
are used distortion effects can be calibrated into the measurements. 

[0041] Knowing the locatton of each ring, a theorettoal (expected) tocatton for the reflection from the top of the ball 
is computed This is achieved by searching through the LUT that was obtained during the calibratton process and 
finding the four values that correspond to x, y locattons nearest to that obtained for the ring The exact expected location 
55 is obtained by interpolating the expected tocatton suggested by each of the four calibration points Also, a refined 
calibration value is obtained by interpolating the calibration values suggested by these four points This will be referred 
to as C CAL Therefore, there is an expected tocatton for the reflecton in the Image of the oblk^ue camera Any dif- 
ference between this expected positton and the actual positton found as described above must be due to the top of 
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the ball being at a different height with respect to the reference plane that was derived during the calibration process. 
This difference in height can be obtained using: 

^ Height ^ (Expected vertical location - Actual vertical locatKXi) * C..CAL Equation 3 

[0042] In general, calibration requires that the coordinates of the Scheimpflug camera are related to the coordinates 
of the vertical camera through a calibration of the relative locations of 2D object space to the sensor pixels of each 
camera. This calibration step may be absolute or relative. 

10 [0043] Using the system of the invention, it is possible to acquire an image of an entire chip-scale package area and 
to perform complete 2D and 3D inspection without requiring multiple images. An entire device can be me measured 
within one field of view and both images can be acquired in a single snap. The system does rK>t require special regis- 
tration or part presentation, it only needs to be relatively still during the image acquisition or illumination time. 
[0044] Also, the system is relatively insensitive to vibration, and is relatively more accurate when compared to the 

IS prior systems. 

[0045] As an example, consider a 25mm x 25mm ball grid array device. Also, consider a sensor with 1024 x 1280 
pixels, with each pixel having dimensions of 6 7 x 6.7microns (e g Sony ICX 085AL) Using a lens with magnification 
M= 0.27 it is possible to image an object area of 25 microns x 25 microns onto each sensor pixel The object field of 
view is then 25.6mm x 32mm and the complete BGA device may be viewed and analyzed in imaged in a single image 
20 from each camera. 

[0046] Sensors with up to 2000 x 2000 pixels are commercially available today (e.g. Kodak KAI-4000M, 7.4 mrcron 
pixels). Using a 2000 x 2000 pixel sensor it is then possible to image an area of up to 54mm x 54mm with the same 
lens magnification According to JEDEC standards, this fiekJ of view is large enough to cover all chip-scale package 
device sizes. 

25 [0047] Again, conskiering the example of the 25mm x 25mm BGA devce above If the handling system is designed 
to present the sample in any orientatkxi the possible fieki of view is determined by the diagonal plus any offset due to 
the handler positioning error The diagonal is approximately 36mm. Using the 2K x 2K sensor, this allows for up to +- 
9mm offset in any direction. Accordingly, ttie mechancal constraints on positioning the devices are relaxed significantly 
and the possibility to achieve the frame rate of the camera is realistk; 

30 [0048] Attheotherendof the range, flip chip and micro BGA devices may be as small as 5mm x 5mm In this situation 
higher resolutkxi and accuracy is required. If higher accuracy is required larger sensors may be used or lens magni- 
ficatkxis alk>wing the Imaging of smaller object field features may be used. This Is illustrated in the foltowing examples. 

Example 1 : 

35 

[0049] Returning to the example of a 25mm BGA devce. Considering a conventional vision system using a camera 
with a fixed exposure time of several milliseconds, a positioning system and a continuous LED lighting system, it is 
reasonable to present up to 8 devices per second to the viskxi system. Based on this and assuming the camera frame 
rate is greater than 8 frames per second, this corresporxls to an inspection rate of 

40 

8 (devices per second) x 60 seconds x 60 minutes = 28800 devk:es per hour. 

Example 2: 

45 

[0050] Retuming to the example of a 25mm BGA device. Conskter a high-speed camera system with capability of 
1 5 frames per second and assume that the devce can be presented to the camera at a rate of 1 5 devices per second 
TMs corresponds to 

so 

15 (frames per second) x 60 seconds x 60 minutes ^ 54000 devk;es per hour 

Example 3; 

5S [0051] If the 25mm BGA devce mentioned above is moved on a constant feedrate conveyor with a feedrate of 1 m/ 
s and a Imicrosecond strobe light is used as the llluminatkxi source This will provide a 1 -micron smear, whch is 
acceptable 

[0052] Using a 30 frames per second camera altows a distance of 83mm between devices The inspection speed 
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possible is then 108,000 devices per hour 
Example 4: 

5 [0053] Consider a flip chip device measuring 5mm x 5mm and with 300micron diameter solder balls Using a 1024 
X 1280 pixel camera with a pixel size of 6 7microns and a lens wrth a 1 1 magnification rt s possible to acquire an object 
field of dimensions 6 9mm x 8.6mm. Again the full device is within a full field of view and the accuracy and resolution 
is improved allowing both high speed and accurate inspection where it is required for smaller samples 
[0054] The invention is not limited to the embodiments descrbed, but may be varied in construction and detail within 

10 the scope of the claims 



Claims 

IS 1. A measurement system comprising means for supporting an object to be inspected in an object plane, a light 
source nrxxjnted to illuminate the object, an obliquely-nnounted camera for capture of images of the illuminated 
object, and an image processor comprising means for determining height of the object according to measured 
offset from a calibration image, characterised in that, 

20 the camera comprises a sensor (1 0) and a separate lens (12). and 

the system further comprises means (20) for supporting the sensor and the lens at mutually different angles 
whereby a plane (11) through the sensor and a plane (1 3) through the lens substantially intersect at the object 
plane (3) according to the Scheimpflug principle to provide a relatively large field of view in focus. 

2S 

2. A measurement system as claimed in claim 1, further comprising a reference camera (4) mounted to capture a 
two-dinDensional nomnal image of the object, and the image processor comprises means for determining the cal- 
ibration image from said normal image. 

30 3. A measurement system as claimed in claim 2, wherein the light source (31 ) is mounted wrth respect to the obliquely- 
mounted camera (10. 12) whereby the peak of the object is sensed. 

4. A measurement system as claimed in claim 3. wherein only an area ifx:luding the peak of the object is sensed. 

3S 5. A measurement system as claimed in claim 4, wherein the image processor (25) comprises means for determining 
a centroid of the inr^ge to determine the peak of the object. 

6. A measurement system as claimed in any of claims 2 to 5, wherein the system further comprises a lateral light 
source (30) arranged in an annular configuratkxi with respect to the object support means to provkie an annular 

40 image for the reference camera, and the image processor comprises means for detemnining the centroid of the 

annular image to provide the normal image 

7. A measurement system as claimed in claim 6. wherein the oblk^uely-nrxxjnted camera comprises a filter (22) to 
fitter out light from the lateral light source, and the image processor comprises means for controlling simultaneous 

45 image acquisitkxi from both the normal camera and the oblk^uely-mounted camera 

8. A measurenrwnt system as claimed in claims 6 or 7, wherein the lateral light source (22) comprises a ring of LEDs. 

9. A measurement system as claimed in any preceding claim, wherein the image processor stores reference data 
so for a ball grid array and means for accepting or rejecting a ball grid array according to comparison of the measured 

height data and the referer»ce data 

10. A method of inspecting an object comprising the steps of 

55 mounting a primary camera sensor (1 0) and a lens (12) over an object space so that they have non-parallel 

planes (11.13), 

nrK)unting a reference camera (4) over the object space, 
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causing relative movement of the cameras (4, 10,12) and an object (2) to a stationary position at which the 
primary camera lens plane (13), the primary camera sensor plane (11), and the object plane (3) intersect 
according to the Scheimpflug principle, 

s capturing a primary image of the full object at the primary camera and capturing a reference image of the full 

object at the reference camera without further relative movement of the cameras and the object, and 

an image processor (25) determining a calibration image from the refererx^e image, and determining height 
of the object according to a measured offset of the primary image from the calibration image. 

10 

11. A method as claimed in claim 10, wherein the object is a ball grid array 

12. A method as claimed in clainns 10 or 11, wherein the object is illuminated with lateral light directed substantially 
parallel to the object plane whereby the reference image is annular, and the object is also illuminated by oblique 

IS light directed from an oblique angle whereby the primary image corresponds to a surface area only including an 

object peak. 

13. A method as claimed in claim 12, wherein the lateral light and the oblique light have different wavelengths, light 
entering a camera is filtered (22) to exclude the light for the other camera. arxJ both the primary and the reference 

20 images are simultaneously captured. 
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Magnification 
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Fig. 5 
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Fig. 7 
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BASIC-ABSTRACT: NOVELTY - A camera with a sensor ( 1 0) and a separate lens (12) 

is obliquely mounted to capture images of illuminated objects. A support (20) 

holds the sensor and the lens at mutually different angles so that a plane (11) 

through the sensor and a plane (13) through the lens intersect at the object 

plane (3) according to the Scheimpflug principle to provide a large field of 

view in focus . 

DETAILED DESCRIPTION - An INDEPENDENT CLAIM is also given for a method of 
inspecting an object. 

USE - For a high throughput en\ ironment e.g. measuring chip-scale package 
objects. For e.g. ball grid array (BGA), chip-scale package (CSP) and flip 
chip manufacturing. 

ADVAN fAGE - Increases the throughput of the ssstem. Improves the accuracy of 
the s> stem by increasing the field of view in focus. 
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DESCRIPTION OF DRAWING(S) - The drawing shows a diagrammatic represemation of 
the optical scheme of measurement s\ stem. 
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